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LOCATING THE PROPELLER SHAFT
ATTACHMENT SYSTEM ADJACENT
TO THE PROPELLER SHAFT

A4

ENGAGING THE CLAMP SUBSYSTEM

Y

ROTATING THE PROPELLER SHAFT
IN POSITION VIA THE FRICTION
DRIVE ROLLER SUBSYSTEM

A A

INFTIATING THE TIGHTENING CYCLE
OF THE NUT DRIVER SUBSYSTEM TO
TIGHTEN A FIRST SET OF FASTENERS

i

ROTATING THE PROPELLER SHAFT 180° VIA
THE FRICTION DRIVE ROLLER SUBSYSTEM

¥

INITIATING THE TIGHTENING
CYCLE OF THE NUT DRIVER SUBSYSTEM
TO TIGHTEN A SECOND SET OF FASTENERS

A 4

DISENGAGING THE CLAMP SUBSYSTEM AND
LOWERING THE SUPPORT STRUCTURETO

RETURN THE PROPELLER SHAFT ATTACHMENT

SYSTEM TO A HOME POSITION
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1
SHAFT ROTATION AND POSITION SYSTEM

BACKGROUND

The present disclosure relates to apparatus useful in the
manufacture and repair of a vehicle driveline, and more par-
ticularly to installation of a vehicle propeller shaft.

In automotive applications, drive shafts, which are some-
times referred to as drive lines, often utilize propeller or
“prop” shafts as torque transmitting components of a vehicle
powertrain and are most commonly located under the vehicle
between a transmission or other gear box and a differential of
a drive axle.

Various equipment useful in the manufacture and repair of
vehicle drivelines are often provided in an assembly line
environment to facility propeller shaft installation. Typically,
the propeller shaft is aligned with the differential and a first
set of fasteners tightened. The propeller shaft is then rotated
and the remaining fasteners are tightened to secure the pro-
peller shaft. The propeller shaft is typically rotated manually
by the operator with both hands to overcome the resistance in
the drivetrain or with a custom designed wrench. Oftentimes
torque of approximately 40 Nm is required. In either method,
the resistance torque of the drivetrain may exceed industry
guidelines for ergonomic burden.

The operator is required to rotationally align the propeller
shaft with the fastener tightening equipment. Should the rota-
tional alignment not be accurate, the operator walks to the
rear differential and again attempts to rotationally align the
propeller shaft with the rear differential by manual rotation.
The operator then walks back to the fastener tightening equip-
ment to initiate the fastener tightening operation. Further-
more, there is also the potential that after tightening the first
set of fasteners, the operator may mistakenly rotate the shaft
90° or 270° instead of 180° which may result in not tightening
one of the four fasteners at the propeller shaft/rear differential
assembly.

Although effective, this method can be relatively time con-
suming and ergonomically burdensome.

SUMMARY

An attachment system includes a friction drive roller sub-
system, a nut driver subsystem; and a control subsystem in
communication with the friction drive roller subsystem and
the nut driver subsystem.

An attachment system includes a friction drive roller sub-
system along an friction roller axis. A first nutrunner socket is
along a first socket axis, the first socket axis parallel to the
friction roller axis. A second nutrunner socket along a second
socket axis, the second socket axis parallel to the friction
roller axis.

A method of mounting a shaft for a vehicle includes rotat-
ing a shaft with respect to a nutdriver subsystem via a friction
drive roller subsystem; tightening a first set of fasteners;
rotating the shaft 180° via the friction drive roller subsystem;
and tightening a second set of fasteners.

The foregoing features and elements may be combined in
various combinations without exclusivity, unless expressly
indicated otherwise. These features and elements as well as
the operation thereof will become more apparent in light of
the following description and the accompanying drawings. It
should be understood, however, the following description and
drawings are intended to be exemplary in nature and non-
limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

Various features will become apparent to those skilled in
the art from the following detailed description of the dis-
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closed non-limiting embodiment. The drawings that accom-
pany the detailed description can be briefly described as fol-
lows:

FIG. 1 is a schematic view of a vehicle along an assembly
line environment;

FIG. 2 is a schematic perspective view of a propeller shaft
attachment system according to one non-limiting embodi-
ment;

FIG. 3 is an expanded schematic perspective view of the
propeller shaft attachment system;

FIG. 4 is a schematic view of the propeller shaft attachment
system disengaged from a propeller shaft;

FIG. 5 is a schematic view of the propeller shaft attachment
system engaged with propeller shaft;

FIG. 6 is an expanded schematic perspective view of the
propeller shaft attachment system adjacent a rear differential;
and

FIG. 7 is a schematic block diagram of an algorithm for
operation of the propeller shaft attachment system.

DETAILED DESCRIPTION

FIG. 1 schematically illustrates selected portions of a sys-
tem 20 useful in the manufacture and repair of a vehicle V. The
system 20 generally includes a vehicle carrier 22, an equip-
ment dolly 24, an attachment system 26 and a support struc-
ture 28. It should be appreciated that the system 20 may have
more, less, or different components than those schematically
illustrated.

In one example, the vehicle carrier 22 may extend from an
overhead gantry to move the vehicle V (illustrated schemati-
cally) along an assembly line environment in which equip-
ment such as the propeller shaft mount system 26 is located on
one equipment dolly 24 (partially shown). It should be appre-
ciated that various types of equipment is provided and that the
vehicle carrier 22 and equipment dolly 24 are but one arrange-
ment which may be used with the attachment system 26.

The support structure 28 extends and retracts with respect
to the equipment dolly 24 to support and position the attach-
ment system 26 with respect to the vehicle V, the propeller
shaft P and the rear differential D (all illustrated schemati-
cally). The propeller shaft P and the rear differential D may
already be mounted to the vehicle V but the propeller shaft P
has yet to be secured to the rear differential D. The vehicle V
may be, for example, a 4-wheel drive vehicle, however, the
attachment system 26 may be utilized with various drive
shafts and other tubular members which are to be mounted to
a structure at specific rotational orientations.

With reference to FIG. 2, the attachment system 26 is
operable to rotationally position a shaft or other tubular mem-
ber such as the propeller shaft P. The attachment system 26
generally includes, a rotator subsystem 30, a nut driver sub-
system 32, and a control subsystem 34. The vehicle carrier 22
is moved with respect to the equipment dolly 24 such that the
attachment system 26 can be selectively raised into position
by the support structure 28 to engage with the propeller shaft
P.

The rotator subsystem 30 is mounted to the support struc-
ture 28 (illustrated partially) and generally includes a shaft
support 42, a clamp subsystem 44, a friction drive roller
subsystem 46, a servomotor 48, a clamp actuator 50, a rota-
tion controller 52 and a set of manual actuation switches 54.
The support structure 28 is operable to selectively raise and
lower the attachment system 26 in response to one or more of
the manual actuation switches 54. That is, the support struc-
ture 28 selectively moves with respect to the equipment dolly
24 to support and position the rotator subsystem 30, the nut
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driver subsystem 32, and the control subsystem 34 with
respect to the propeller shaft P and the rear differential D (all
illustrated schematically).

The shaft support 42 is axially displaced from the friction
drive roller subsystem 46 along an axis X which is defined by
the propeller shaft P. The shaft support 42 may be a generally
arcuate member located on the nut driver subsystem 32 upon
which the propeller shaft P may be at least partially sup-
ported.

The friction drive roller subsystem 46 includes one or more
friction rollers 56, 58 (two shown) selectively driven by the
servo motor 48. The friction drive roller subsystem 46 is
located generally along an axis D generally parallel to the axis
X such that the propeller shaft P is partially supported and
rotated thereby.

The clamp subsystem 44 in this disclosed non-limiting
embodiment is axially located between the friction rollers 56,
58. The clamp subsystem 44 includes a first arm 60 and a
second arm 62 with respective clamp rollers 64, 66 located
along respective clamp roller axis C1, C2 that are generally
parallel but displaced from the axis X (also shown in FIG. 3).
The clamp subsystem 44 may be selectively activated and
deactivated by one or more of the manual actuation switches
54. When actuated, the first arm 60 and the second arm 62
pivot such that the respective clamp roller axes C1, C2 are
driven toward the axis X. The respective clamp rollers 64, 66
thereby contact the propeller shaft P and maintain the propel-
ler shaft P in contact with the friction rollers 56, 58 (FIGS. 4
and 5).

With reference to FIG. 3, the operator may control rotation
of'the friction drive roller subsystem 46 though a control dial
70 adjacent to a handgrip 72 which are in communication
with the rotation controller 52. The rotation controller 52
operates to control the servomotor 48 and may be integral to,
or separate from, the control subsystem 34. It should be
appreciated that the control subsystem 34 may be centralized
or distributed. It should be appreciated that various control
inputs may be alternatively or additionally provided. Further-
more, the friction drive roller subsystem 46 may be controlled
automatically.

The nut driver subsystem 32 includes nutrunner sockets 38,
40 (two shown) located along respective socket axes N1, N2
that are generally parallel but displaced from the axis X
opposite the respective clamp roller axes C1, C2. The socket
axes N1, N2 are located within a common plane and are
displaced relative to each other such that the nutrunner sock-
ets 38, 40 are positioned to engage fasteners F1-F4 two at a
time (FIG. 6). The fasteners F1-F4 may be prepositioned, but
yet to be torqued, on studs S1-S4 that extend from the rear
differential D (FIG. 6). That is, the fasteners F1-F4 may be
located on the studs S1-S4 but not yet torqued to a desired
torque to secure the propeller shaft P to the rear differential D.
The nutrunner sockets 38, 40 are generally separated to
engage two fasteners at a time, e.g., fasteners F1, F2 and
fasteners F3, F4 (FIG. 6).

The nutrunner sockets 38, 40 selectively extend and rotate
about their respective socket axes N1, N2 in response to, for
example, a trigger 74 on the handgrip 72 that communicates
with the control subsystem 34.

The control subsystem 34 includes a control module 80
having a processor 82, a memory 84, and an interface 86. The
processor 82 may be any type of microprocessor having
desired performance characteristics. The memory 84 may
include any type of computer readable medium which stores
the data and control algorithms described herein such as a
propeller shaft position algorithm 86 (FIG. 7). The functions
of'the algorithm 86 are disclosed in terms of functional block
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diagrams, and it should be understood by those skilled in the
art with the benefit of this disclosure that these functions may
be enacted in either dedicated hardware circuitry or pro-
grammed software routines capable of execution in a micro-
processor based electronics control embodiment. Other
operational software for the processor 82 may also be stored
in memory device to provide both manual and automatic
Programmable Logic Controller (PLC) inputs. The interface
86 facilitates communication with other subsystems such as
the manual actuation switches 54 and the trigger 74. The
interface 86 may also include communication with sensor
systems such as vehicle weight sensors and other data inputs
such as weather information.

With reference to FIG. 7, a method 200 according to one
disclosed non-limiting embodiment, initially includes locat-
ing the vehicle V with respect to the equipment dolly 24 such
that the attachment system 26 may be selectively raised into
position by the support structure 28 to engage with the pro-
peller shaft P (step 202).

The operator then engages the clamp subsystem 44. The
clamp subsystem 44 locks onto the propeller shaft P and
ensures propeller shaft P contact with the friction drive roller
subsystem 46 (step 204).

The operator may then rotationally positional the propeller
shaft P with the control dial 70 to rotate the propeller shaft P
angular position to align the nutrunner sockets 38, 40 of the
nut driver subsystem 32 with the fasteners F1-F2 (step 206).
This discrete angular adjustment is readily adjusted remotely
with the control dial 70 without the operator having to move
away from the tightening station thereby completely elimi-
nating the walk time.

The operator then initiates the tightening cycle of the nut
driver subsystem 32 with the trigger 74 (step 208). The nut
driver subsystem 32 performs the tightening cycle to a pre-
determined torque. Upon receiving a tightening complete
signal from the nut driver subsystem 32, the control module
80 operates the friction drive roller subsystem 46 to rotate the
propeller shaft 180° and align the nutrunner sockets 38, 40 of
the nut driver subsystem 32 with the fasteners F3-F4 (step
210). That is, when the nut driver subsystem 32 sends a
complete signal to the control module 80, the friction drive
roller subsystem 46 is operated via the control algorithms of
the control module 80.

The operator then again initiates the tightening cycle of the
nut driver subsystem 32 with the trigger 74. The nut driver
subsystem 32 performs the tightening cycle to a predeter-
mined torque (step 212). In an alternative embodiment, this
step may be automated so the operator need not even actuate
the trigger 74 this second time.

Upon receiving the tightening complete signal from the nut
driver subsystem 32, the control algorithms of the control
module 80 disengages the clamp subsystem 44, then lowers
the support structure 28 to return the attachment system 26 to
a home position on the equipment dolly 24 (step 214).

The attachment system 26 thereby rotates and tightens the
propeller shaft P with zero ergonomic burden for the operator.
The attachment system 26 also integrates the nutrunner inputs
into the PL.C program that controls the attachment system 26
to error proof the tightening sequence by execution of the
automatic 180° rotation of the propeller shaft P only after
receiving confirmation of tightening from the nut driver sub-
system 32 thus eliminating potential orientation errors asso-
ciated with manual operation. In addition, the remote discrete
adjustment of propeller shaft rotational position increases
efficiency by elimination of operator walk time. The potential
for a quality issue due to an operator mistakenly manually
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rotating the propeller shaft P 90° or 270° rather than the
required 180° between tightening cycles is also eliminated.

It should be understood that relative positional terms such
as “forward,” “aft,” “upper,” “lower,” “above,” “below,” and
the like are with reference to the normal operational attitude
of the vehicle and should not be considered otherwise limit-
ing.

Although the different non-limiting embodiments have
specific illustrated components, the embodiments of this
invention are not limited to those particular combinations. It
is possible to use some of the components or features from
any of the non-limiting embodiments in combination with
features or components from any of the other non-limiting
embodiments.

It should be understood that like reference numerals iden-
tify corresponding or similar elements throughout the several
drawings. It should also be understood that although a par-
ticular component arrangement is disclosed in the illustrated
embodiment, other arrangements will benefit herefrom.

Although particular step sequences are shown, described,
and claimed, it should be understood that steps may be per-
formed in any order, separated or combined unless otherwise
indicated and will still benefit from the present disclosure.

The foregoing description is exemplary rather than defined
by the limitations within. Various non-limiting embodiments
are disclosed herein, however, one of ordinary skill in the art
would recognize that various modifications and variations in
light of the above teachings will fall within the scope of the
appended claims. It is therefore to be understood that within
the scope of the appended claims, the disclosure may be
practiced other than as specifically described. For that reason
the appended claims should be studied to determine true
scope and content.

What is claimed is:

1. An attachment system, comprising:

a friction drive roller subsystem configured to support a

shaft and rotate an angular position of said shaft;
a clamp subsystem configured to engage a circumferential
surface of said shaft when said shaft is supported on said
friction drive roller subsystem;
anut driver subsystem configured to tighten sets of fasten-
ers for said shaft; and
a control subsystem in communication with said friction
drive roller subsystem, said clamp subsystem and said
nut driver subsystem, said control subsystem configured
to execute operations stored in a memory to:
with said shaft supported on said friction drive roller
subsystem, and with said clamp subsystem engaged
to said circumferential surface of said shaft, rotate an
angular position of said shaft via said friction drive
roller subsystem, and

tighten a set of fasteners for said shaft via said nut driver
subsystem.

2. The system as recited in claim 1, wherein said friction
drive roller subsystem includes a first friction roller and a
second friction roller along a friction roller axis, said first
friction roller and said second friction roller configured to
support said shaft and rotate the angular position of said shaft.

3. The system as recited in claim 2, wherein said nut driver
subsystem includes a first nutrunner socket and a second
nutrunner socket each along a respective socket axis, each of
which is configured to tighten a fastener for said shaft.

4. The system as recited in claim 3, wherein said respective
socket axes are generally parallel to said friction roller axis.

5. The system as recited in claim 4, wherein said first
nutrunner socket and said second nutrunner socket are each
axially movable along said respective socket axes.
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6. The system as recited in claim 2, wherein said clamp
subsystem is axially located between said first friction roller
and said second friction roller.

7. The system as recited in claim 6, wherein said clamp
subsystem includes a first clamp roller and a second clamp
roller, each of which is configured to engage said circumfer-
ential surface of said shaft when said shaft is supported on
said first friction roller and said second friction roller of said
friction drive roller subsystem, and defines a clamp roller axis
generally parallel to said friction roller axis.

8. The system as recited in claim 7, wherein said first clamp
roller and said second clamp roller are movable with respect
to said friction roller axis to engage said circumferential
surface of said shaft when said shaft is supported on said first
friction roller and said second friction roller of said friction
drive roller subsystem.

9. The system as recited in claim 1, wherein said control
subsystem is further configured to execute operations stored
in a memory to:

with said shaft supported on said friction drive roller sub-
system, actuate said clamp subsystem to engage said
circumferential surface of said shaft to maintain said
shaft in contact with said friction drive roller subsystem.

10. The system as recited in claim 1, wherein said control
subsystem is further configured to execute operations stored
in a memory to:

after tightening said set of fasteners for said shaft via said
nut driver subsystem, with said shaft still supported on
said friction drive roller subsystem, and with said clamp
subsystem still engaged to said circumferential surface
of said shaft, rotate said angular position of said shaft via
said friction drive roller subsystem 180°, and

tighten a new set of fasteners for said shaft via said nut
driver subsystem.

11. The system as recited in claim 1, wherein said control
subsystem is further configured to execute operations stored
in a memory to:

disengage said clamp subsystem from said shaft.

12. An attachment system, comprising:

a friction drive roller subsystem along an friction roller
axis;

a first nutrunner socket along a first socket axis, said first
socket axis parallel to said friction roller axis;

a second nutrunner socket along a second socket axis, said
second socket axis parallel to said friction roller axis;
and

a clamp subsystem that includes a first clamp roller and a
second clamp roller, each of which defines a clamp roller
axis generally parallel to said friction roller axis.

13. The system as recited in claim 12, wherein said first
clamp roller and said second clamp roller are movable with
respect to said friction roller axis.

14. The system as recited in claim 13, wherein said friction
drive roller subsystem includes a first friction roller and a
second friction roller along said friction roller axis.

15. The system as recited in claim 12, further comprising a
control subsystem in communication with said friction drive
roller subsystem, said a nut driver subsystem and said clamp
subsystem.

16. A method of mounting a shaft for a vehicle comprising:

with a shaft supported on a friction drive roller subsystem,
and with a clamp subsystem engaged to a circumferen-
tial surface of said shaft to maintain said shaft in contact
with said friction drive roller subsystem, rotating an
angular position of said shaft with respect to a nut driver
subsystem via said friction drive roller subsystem;
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tightening a first set of fasteners for said shaft via said nut
driver subsystem;

with said shaft still supported on said friction drive roller
subsystem, and with said clamp subsystem still engaged
to said circumferential surface of said shaft, rotating said 5
angular position of said shaft 180° via said friction drive
roller subsystem; and

tightening a second set of fasteners for said shaft via said
nut driver subsystem.

17. The method as recited in claim 16, further comprising: 10

remotely controlling said rotation of said angular position
of'said shaft with respect to said nut driver subsystem via
said friction drive roller subsystem.

18. The method as recited in claim 17, further comprising:
rotating a dial to remotely control said rotation of said 15
angular position of said shaft via said friction drive roller

subsystem.

19. The method as recited in claim 16, further comprising:

rotating said angular position of said shaft 180° via said
friction drive roller subsystem in response to a signal 20
from said nut driver subsystem.

20. The method as recited in claim 16,

wherein said first set of fasteners includes two fasteners.
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